Background: Vascularized fibular grafting has been reported as a successful joint preserving surgery for patients with femoral head osteonecrosis. Few reports exist regarding the outcomes associated with total hip arthroplasty after failed vascularized fibular grafting. This study aims to highlight the early results and complications associated with this procedure.
INTRODUCTION
Osteonecrosis of the femoral head is primarily a disease of young adults. Subchondral bone collapse at later stages of the disease leads to articular incongruity and debilitating symptoms. Joint salvage procedures have been developed to delay total hip arthroplasty (THA) as long as possible. These include core decompression with or without bone grafting, 1,2 osteotomies (rotational, varus, valgus), 3, 4 non-vascularized fibula grafting, 5 free vascularized fibula grafting (FVFG) [6] [7] [8] and implantation of a trabecular metal tantalum rod. [9] [10] [11] In our institution, FVFG is the joint preserving procedure of choice for patients younger than 50 with precollapse or postcollapse-predegenerative osteonecrosis. 6, 12 Although the results of THA in patients with osteonecrosis are well described in the literature, there are only few reports regarding outcome of THA in patients with previous FVFG. 13, 14 The aim of the study was to investigate the early results and complications of THA in patients with previous FVFG.
MATERIALS AND METHODS

Demographics
This retrospective study received approval from the institutional review and ethics board of our institution. We reviewed charts and radiographs of patients with femoral head osteonecrosis who underwent THA after FVFG. To minimize confounding variables, only patients with an uncemented THA using a modern bearing (metal on metal or metal on highly cross-linked polyethylene) were included in the study. Over an 8 years period (9/1999-9/2007) 33 patients (42 hips) fulfilled the criteria and were included in the study. Three patients (four hips) were lost to follow-up and were excluded. A total of 30 patients (38 hips) constituted the study group. There were 23 male and 15 female patients with a mean age of 39 years (range 24 to 61) at the time of THA. Mean follow-up was 41 months (standard deviation (SD) 29 months). Both the index FVFG and conversion to THA were performed at our institution. Conversion of FVFG to THA occurred at a mean of 56.7 ) months after the index surgery. For this study, patients who received a prior vascularized fibular grafting are identified as the conversion group.
As a control, a group of 15 patients (19 THA's) with a history of osteonecrosis was used, who had surgery during the same period. None of the control group patients had any type of hip surgery prior to the THA. In this group, cementless components with modern bearings were also used. Mean (SD) follow-up of the control group was 50 months (26 months). The baseline characteristics of the two groups (gender, body mass index, preoperative HHS, Total Hip Arthroplasty after Vascularized Fibular Grafting DOJ etiology of AVN and length of follow-up) were comparable, except the age (patients with prior FVFG being significantly younger). A summary of the demographic data can be found in Table 1 .
Outcome Measures
The outcome measures used were clinical [Harris Hip Score (HHS), duration of operation, blood loss, complications] and radiologic findings. Specifically we recorded presence of osteolysis, cup inclination, coronal alignment of the stem, and signs of loosening (presence of radiolucencies along DeLee -Charnley and Gruen Zones, migration or tilting of the components, calcar remodeling, pedestal formation and shedding of particles). [15] [16] [17] Furthermore, the presence of heterotopic ossification at the hip joint was graded according to the Brooker classification. In order to grade heterotopic ossification at the lateral aspect of proximal femur we calculated the area by multiplying the longest horizontal and vertical axis of the lesion. 18 We used the view (anteroposterior or frog lateral) where the lesion was more readily visible. All radiographic analysis were conducted by an independent orthopaedic surgeon (AD) using the tools of Centricity Enterprise Web V2.1 PACS (picture archiving and communication system) (GE Healthcare, Milwaukee, WI).
Implants-Procedure
The femoral components used in the study group included 18 Summit proximally porous coated titanium stems (DePuy Orthopaedics, Inc, Warsaw, IN), 13 extensively porous coated CoCr stems (12 Prodigy, DePuy and one AML, DePuy), 5 G2 titanium stems with grit-blasted surface (DePuy) , 2 SROM (DePuy) proximally modular titanium stems with a porous-coated metaphyseal sleeve and 1 Synergy (Smith and Nephew, Memphis, TN) proximally porous coated titanium stem.
The respective components of the control group included: 3 Summit, 10 G2 and 6 Prodigy. The acetabular components used in our study group were 34 titanium porous coated modular cups (seventeen Pinnacle, Depuy, sixteen Duralock, Depuy, one SROM, DePuy) and 4 CoCr nonmodular porous coated cups (ASR, DePuy). The liners utilized were 20 highly cross-linked polyethylene (Marathon, DePuy) and 14 CoCr metal liners (Ultamet XL, DePuy). The control group had 15 Duralock and 4 Pinnacle cups with 15 Marathon and 4 Ultamet liners.
All surgeries were performed at our institution by five experienced arthroplasty surgeons or under their direct supervision. The surgical approaches utilized were posterior in 52 THA's and lateral in 5 THA's. During surgery special attention was given to remove the cortical fibular strut with the use of a high speed burr (Anspach, Palm Beach Gardens, FL). All patients had the same postoperative rehabilitation program with protected weight bearing for the first 6 weeks.
Statistical Analysis
Demographic characteristics of those receiving previous FVFG vs the control group were calculated using 
RESULTS
Operative time was longer in the conversion group (mean 129 mins vs 102 mins, p = 0.02). The mean estimated blood loss was also greater for patients with prior FVFG but this difference was not statistically significant (603 ml vs 435 ml, p = 0.11).
Clinical Outcomes
At the time of final follow-up, there was no difference in the clinical outcomes between the group that underwent conversion from FVFG to THA and the control group (Table 2 ). There were 23 patients (77%) in the conversion group and 13 patients (87%) in the primary THA group with good or excellent outcome (HHS greater than 80).
Radiographic Analysis
In two hips of the study group, there was at least 4 mm migration of the femoral component. In the first case the stem subsided by 6 mm. The migration was associated with a calcar fracture fixed with a cable. The stem showed no further migration at final follow-up and the patient was asymptomatic. A second case demonstrated slow gradual subsidence measuring 4 mm 5 years after THA. There was evidence of calcar densification, distal reactive lines and pedestal formation. The patient had some thigh pain but not severe enough to warrant revision surgery. One other patient from the study group reported moderate complaints of thigh pain and subtle radiologic findings suggestive of probably loose stem. Her symptoms did not warrant a secondary intervention.
There were no cases of osteolysis in either group. One patient in the conversion group demonstrated radiographic evidence of acetabular component loosening and reported intermittent groin pain.
Four patients (5 hips, 13%) from the conversion group exhibited > 6 cm 2 of heterotopic ossification over the lateral trochanteric area. However, there was no significant difference (p = 0.16) between the two groups with respect to the incidence of heterotopic ossification in that area.
There was no difference between the groups in the incidence and severity of heterotopic ossification in the hip joint (p = 0.29). No difference was found between the groups with regards to varus -valgus alignment of the femoral component (p = 0.62) or inclination of acetabular cup (p = 0.08).
Implant Survival
Two patients (2 hips, 5.2%) in the FVFG conversion group had implant failure. A 32-year-old female required an acetabular cup revision for continued groin pain. A continuous radiolucent line was evident on radiographs. During surgery there was evidence of impingement on the liner. The cup was found to be well-fixed. Her symptoms were not relieved after surgery. The second patient, a 42year-old male, is pending revision for continuous thigh pain. Radiographs reveal a continuous radiolucent line around an extended coated prosthesis consistent with fibrous union. No patient of the control group was pending or underwent revision surgery. There was no difference between the groups with regards to implant survival (p = 0.44).
Complications
There were three cases in the conversion group where an undisplaced calcar fracture occurred intraoperatively and was treated with a cable around the fracture. All fractures occurred with a proximally porous coated design and the fracture line did not extend past the lesser trochanter. There was no case of calcar fracture in the control group but this difference was not significant (p = 0.21). 
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Two patients in the conversion group underwent a debridement and irrigation early postoperatively for persistent drainage. In one case a hematoma was evacuated. A deep infection ensued which was successfully treated with repeated surgical debridement, intravenous antibiotics and retention of the components. There was no case requiring debridement and irrigation in the control group. This difference between the two groups was not found significant (p = 0.44). There were two cases of dislocation, one in each group, both treated with closed reduction, without further recurrence.
Overall three patients with prior FVFG had minor complaints of lateral hip pain attributed to trochanteric bursitis. In one case this was due to irritation by a cable used to fix a calcar fracture. In one other patient heterotopic bone formed at the lateral trochanteric area following THA. The third patient had no heterotopic ossification present at the lateral aspect of proximal femur. None of the patients in the control group developed trochanteric bursitis. There was no significant difference between the groups with regards to incidence of trochanteric bursitis (p = 0.21).
DISCUSSION
In the English literature, there are only a few studies on the outcomes of THA after FVFG.
Davis et al reported on twenty uncemented THA's after failed FVFG, with a mean follow-up of 45 months. 13 The authors found that use of a high speed burr for removal of residual fibular graft improved the coronal alignment of the stem but at the expense of increased blood loss and operative time. In a subgroup of hips where a tapered stem was implanted without the use of a burr, the mean varus alignment was 6.7°. There was no difference in the radiologic outcome and implant survival between the study patients and a matched control group of patients with osteonecrosis who underwent total hip arthroplasty without previous fibular grafting. However, there was a significant difference in the clinical outcome, with the group of previous FVFG scoring lower. In agreement with this study, we found increased operative time in our group of patients with prior FVFG. In our series a high speed burr was used in all cases, and there was no difference in coronal alignment between groups. For all the stems used we found a mean coronal alignment 0.9° off the femoral axis, regardless of treatment group.
Fehrle et al stressed the importance of adequate graft removal in patients with previous strut grafting to prevent varus placement of the femoral component. 19 Even though current literature supports that varus alignment of cementless stems is not associated with increased subsidence, loosening or worse clinical scores [20] [21] [22] [23] , it is generally not recommended to implant the femoral component in varus or valgus.
In another study 89 hips with prior FVFG were converted to hip arthroplasty (THA or hemiarthroplasty) and followed for a mean of 9.2 years (5-15 years). 14 A variety of prostheses were used many of which are now considered outdated. Both cemented and uncemented stems were included. The reoperation rate for any reason was 18%. They found that both the functional outcome and implant survival depend on the etiology of osteonecrosis. Steroid and alcoholinduced osteonecrosis patients had the worse clinical outcomes and the idiopathic and alcohol subgroups had the highest revision rates. The authors noted that implant survival rate and final HHS are comparable with those in revision THA literature. There was no information about intraoperative complications.
In our series with a mean follow-up of 41 months, the reoperation rate for any reason was 10.5% which is likely to increase with longer follow-up. Due to the small number of patients, we could not examine the impact of AVN diagnosis on outcome.
In a recent report of THA outcomes after hip joint preserving procedures for osteonecrosis the authors reported longer operative time, greater blood loss and more intraoperative femoral fractures when compared to a control group. There was no difference between the two groups with respect to the final HHS. The study included 36 hips of which 6 had a previous vascularized fibular graft. These findings are in agreement with our results. 24 Intraoperative fracture of the femur is a well-recognized complication especially with uncemented stems occurring during canal preparation or final seating of the prosthesis. Reviewing the recent literature on THA for treatment of osteonecrosis we noted that the average incidence of calcar fracture during uncemented THA is 4.2% (17 fractures in 401 THA, range 0-7.5%). [25] [26] [27] [28] [29] [30] In our study, despite taking great care to remove the excess cortical graft with a high speed burr, this incidence was 7.9%. We hypothesize that local changes to the modulus of elasticity of proximal femur after FVFG render it more vulnerable to fracture.
Postoperative hematoma formation and persistent wound drainage are the two most significant predictors for a deep infection after THA. 31 In the conversion group we found a 5.2% incidence (2 out of 38 patients) of early reoperation because of continuous wound drainage. We postulate that damage to the peroneal vessels during fascia lata incision can result to persistent bleeding, if not carefully coagulated. Moreover, the deficient proximal metaphyseal cancellous bone after high speed burring is incompletely sealed by the prosthesis and in turn this can cause persistent leakage.
Increased surveillance and early intervention are required to minimize infectious complications.
It has been reported that the incidence of heterotopic ossification (HO) at the lateral subtrochanteric region after FVFG is 32%. 18 Only 10% of these lesions were painful and HHS was not affected by the presence of heterotopic bone. Similarly, we found a low incidence (12.5%) of symptomatic lesions and clinical outcome was not influenced by the presence of HO.
In the present study, we included uncemented femoral and acetabular components with proven track records utilizing modern bearings. Metal on highly cross-linked polyethylene and metal on metal articulating surfaces have been shown to reduce wear and osteolysis. 32 We are encouraged by the fact that no osteolysis was observed in either groups of patients. A number of authors have reported improved midterm results using contemporary cementless implants with modern bearings in patients with osteonecrosis with survival rates (revision as end point) 95 to 100%. 26, 33, 34 Limitations of this study include the retrospective collection of the data. Moreover, a selection bias may exist as our institution is a referral center for patients with osteonecrosis. Significant comorbidities may have affected the functional and radiologic outcomes. 35 The implants utilized were not standardized. We used significantly more metal-on-metal articulations (>36 mm heads) in the group with previous fibular grafting as these were younger patients. Finally, this was not a single surgeon series and follow-up is relatively short.
CONCLUSION
Appropriate counseling of patients regarding the outcomes and complications after conversion of FVFG to THA is important. THA after FVFG is a more complex surgery than a primary THA. Careful removal of the fibular strut with a high speed burr helps to lateralize appropriately the shoulder of the prosthesis and decreases the risk of calcar fractures, eccentric reaming, cortical perforations, varus positioning and stem undersizing. Despite an increased complication rate, satisfactory outcomes can be expected after conversion of prior vascularized fibular grafting to THA.
